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Determining the Optical Constants of Thin Film (In.5Ga.5)1-xMnxAs Semiconductors
John Hungerford and Frank  Peiris
Department of Physics, Kenyon College
We have obtained the dielectric functions of (In.5Ga.5)1-xMnxAs
alloys grown by molecular beam epitaxy on In.5Ga.5As buffers with
an InP substrate. The samples used in this project were of the
concentrations x=0 (the buffer), x=.39, x=.59, x=.78, and x=.99. A
rotating analyzer spectroscopic ellipsometer was employed to
measure the complex polarized reflection ratio for photon energies
from .7-6.5 eV. By modeling the data using several methods, we
accurately determined the dielectric function for energies above 2.0
eV. The lower-energy absorption region proved elusive to our
methods. The location of the fundamental energy gap on the
spectrum was never determined for any sample, and confidence in
the model for higher energies also decreased for higher
concentrations of Manganese. However, we were able to get results
on the trends of higher-energy transitions, showing a slow but clear
redshift in the E1 and E0’ transitions for increasing manganese
concentration x.
The quaternary alloy (In.5Ga.5)1-xMnxAs is of a class of
semiconductor alloys known as DMS, or diluted magnetic
semiconductors. These materials can be formed by incorporating
some amount of magnetic ions into a semiconductor lattice.3
Studies of DMS alloys have become important because of their
possible application in the field of spintronics. Adding
ferromagnetic material to a semiconductor crystal is a step in the
search for materials with both electronic and magnetic
properties.1,4 Spintronics utilizes the magnetic field associated with
the electron spin somewhat in the same way that conventional
electronics use the electrons' electric charge. Our motivation for
studying the optical properties of certain semiconductors which are
suited for spintronics implementation is that many of the electrical
properties of these materials related to spin can be determined
from their dielectric function.1 It is therefore useful to study the
electrical properties of these DMS materials, as well as the magnetic
properties, in order to eventually produce a candidate for spintronics
implementation. 1,2,4
The samples were grown using molecular beam epitaxy on an InP
substrate and an In.5Ga.5As buffer. This is a procedure in which an
alloy film at low temperature by accelerating the component ions
and cations and directing them in a controlled way to the substrate.
The thicknesses of each layer in the samples (substrate, buffer, and
quaternary allow) were estimated in the epitaxy phase, but these
measurements are unreliable as they were obtained indirectly from
loosely controlled variables. The samples were then analysed using
a rotating analyzer spectroscopic ellipsometer from J.A. Woollam,
and scanned at room temperature from .7 to 6.5 eV. For every
sample we did a scan at incidence of 65, 70, and 75 degrees.
Because of the small surface area of the samples, dynamic
averaging was used during scans to get more reliable data. Wvase
was then used to determine the complex dielectric function
ε = ε1 + iε2 from the experimental data.
The spectroscopic ellipsometer measures two parameters of the classical Fresnel equation, Ψ, and Δ, which relate
to the reflection coefficients Rp and Rs by the equation:
ρ = Rp/Rs = tan(Ψ)e
iΔ,
with Rp being the reflection coefficient of light polarized parallel to the plane of incidence and Rs being the
coefficient of light polarized normal to the plane of incidence. Ψ and Δ for each sample are dependent on the
optical properties of each layer that comprises its structure, including the substrate, buffer, quaternary layer, and any
unintended surface imperfection. For this project a four-layer model was used for each sample. The optical
properties for the substrate InP is included in the WVase32 software package with which we did all the modeling.
The band gap of InGaAs is .729 eV (Ref. 2) which is at the very lowest extreme of our measurements; for low
concentration of Manganese, it was also reasonable to expect the band gap would be similar or lower. Since the
absorption region was off our spectrum, we could not use a Cauchy model to fit the epilayer thickness. This
indicated a serious problem: In Fig. 1, one notices the interference effects above the band gap; this made it
impossible to use any point-by-point fitting in the between the band gap and the energy the light reflected from the
buffer could not contribute to the total reflection. So in an attempt to rectify this, we tried using a general oscillator
model and a parametric model to find the dielectric function for the entire spectrum.5 Because of the drastic change
in the properties of our alloy between x=.39 and x=.59, it was necessary to resort to just relying on a point-by-point
fit over the upper end of the spectrum (above 2 eV). This proved to be accurate, as it agreed with parametric models
for this region. However, it gives absolutely no information about the lower-energy region of the spectrum; the fit
is clearly unphysical below 2 eV. Transitions were identified by analysis of the second derivative of the resulting
ε2, as opposed to fitted parameters as in the other two models (see Fig. 2).
As already stated, the band gap remained elusive throughout the course of
the project. Since it was at the very bottom of our spectrum (or lower), and
interference effects were continuously present above it, there was no
qualitative way to find it. Also, our fitting methods gave multiple results for
E0 in each sample, all of which returned equally close fits. However, for the
transition E1, we could see very clear trends in our data. Analysis of the
second derivative of ε2 shows us that the critical point E1 undergoes a redshift
with increasing x (see Fig. 2 and Fig. 3). From Fig. 3 we can see that the
critical point E0’ showed an even more consistent downward trend with
increasing concentration of Manganese. We can be confident in our accuracy
because in other cases most semiconductors usually show the same trends in
all their critical points.2 Furthermore, since the band gap never appeared for
any higher concentrations of Manganese, there is reason to believe that it also
redshifted, or at least remained stationary.
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FIG. 1: Measured Ψ plotted against energy at an
incident angle of 70 degrees. Note the loss of features
as the manganese concentration “x” increases.
FIG. 3: This shows the change in the transitions
E0’ and E1 as the manganese concentration “x”
varies from 0 to .99. Linear fits have been added
to show the trends more clearly.
FIG. 2: This graph shows the second derivatives of all
dielectric functions determined from point by point fits
to Ψ and Δ. Note that each has been offset by an
arbitrary amount for clarity.
FIG. 4: All of the complex components ε2 of the
dielectric function. These are all derived from point
by point fits. Note the unphysical shape below 2 eV;
This is a product of WVase’s fitting routine.5
These graphs show the drastic change from x=.39 to x=.59. For
x=.39, Ψ was modeled very closely to two of the three angles with a
parametric model (left). Notice for x=.59 (right) the low energy
region, below around 2 eV, the model is completely inaccurate for all
angles.
